The annelid associated copepods, collectively called annelidicolous, were placed in 21 families. Some genera, such as Ophelicola, are considered phylogenetically isolated and are placed into the order Cyclopoida as incertae sedis. In this paper, we describe Ophelicola kurambia, the second species recorded for the genus and the first for the Pacific Ocean. The single known specimen, a female, was found during the German-Russian deep-sea expedition KuramBio at the deep-sea Kuril-Kamchatka Trench. The new species differs from Ophelicola drachi (known from the Gulf of Biscay, Atlantic Ocean) in being attached to the host through the mandibles instead of maxillae and, specially, in the formula of the antennular armature. The study of the new species contributes to clarify the diagnosis of the genus, which clearly differs from Notomasticola (another incertae sedis genus), and resembles both the most modified clausiids (in the mandibular shape and antennular segmentation) and the clausidiids (in the shape of maxilla). However, it does not contribute to clarify the position of Ophelicola within the order Cyclopoida. The paper includes a list of the known annelidicolous copepods (excluding Monstrilloidae) and summarizes the main trends shown in terms of diversity, distribution and relationships. Currently, 168 species of copepods from to 74 genera and 22 families and 7 incertae sedis (excluding Monstrilloida) are known to be involved in 235 parasitic relationships (mostly ectoparasitic) with polychaetes. Host polychaetes include 156 species belonging to 104 genera from 22 families (plus 14 unknown). About 50% of these relationships are known from European waters, mainly from shallow depths.
INTRODUCTION
More than 120 species of Copepoda belonging to at least 21 families, the so called annelidicolous copepods, were reported to be associated with annelids, most of them being external or internal parasites of polychaetes. Some families include annelid symbionts together with free-living members and/or associates of other invertebrates. However, some others are known as exclusive parasites of polychaete hosts (Boxshall and Halsey, 2004; Humes, 1994) .
The symbiotic relationships with polychaetes might have evolved independently from various copepod ancestors (Björnberg and Radashevsky, 2011) . A comprehensive hypothesis about the relationships involving parasitic copepods has not yet been developed and therefore, placing annelidicolous species into genera and even families is often problematic (Kim et al., 2013) . In fact, the definition of some families is rather nebulous and the boundaries among families are sometimes poorly defined, such as those among Clausidiidae Embleton, 1901 , Clausiidae Giesbrecht, 1895 and Anomoclausiidae Gotto, 1964 (Boxshall and Halsey, 2004 Humes and Ho, 1967; Kim et al., 2013) . This also caused some genera to be phylogenetically isolated due to their unusual features In 1978, Laubier described a new genus of annelidicolous copepod collected from an unidentified ophelid polychaete found between 4,706 and 4,475 m depth in the Atlantic coast of France. The genus Ophelicola Laubier, 1978 was considered as phylogenetically isolated due to its unusual features. Thus, it was placed into the order Cyclopoida as incertae sedis (Boxshall and Halsey, 2004) .
During the German-Russian deep-sea expedition KuramBio (Kuril-Kamchatka Biodiversity Study) to the Kuril-Kamchatka trench and abyssal plain, two specimens of moderately transformed copepods associated with polychaete worms were collected. Parasitic copepods from polychaete hosts are seldom reported, likely because their very low prevalence. Usually, these parasites are found only after observing large numbers of potential hosts (Kim et al., 2013) , which is a particularly difficult task in the deep-sea. Accordingly, in this paper we describe one of the specimens as a new species of Ophelicola, despite having found a single female, and discuss whether this new discovery provides new insights in the relationship of Ophelicola within the cyclopoid families. Unfortunately, the second annelidicolous copepod, belonging to the genus Anomopsyllus G.O. Sars, 1921 , was in very poor conditions and, thus, it could not be formally described. This paper also includes a list of the known annelidicolous copepods (excluding Monstrilloidae) and summarizes all known characteristics in terms of diversity of both the symbionts and the hosts, type of relationship and bathymetrical and geographical distribution.
MATERIAL AND METHODS
The polychaete hosts were collected during the KuramBio Expedition 2012 to the KurilKamchatka Trench and abyssal plain, with the help of the supranet of the epibenthic sledge EBS-S or the box corer GKG, both operated from the R/V SONNE-223. Infested host were extracted from sediments collected in stations 223-3-9 (4987 -4991 m depth) and 2-5A (4869 m depth), carefully washed on board, photographed alive, and then fixed in 70% ethanol.
In the laboratory, the copepods were extracted from the hosts, dissected in lactic acid prior to staining with Chlorazol black E (Sigma® C-1144), examined as temporary mounts in lactophenol, and finally sealed with Entellan as permanent mounts. Drawings were made with the help of a camera lucida attached to a Leica DMLB differential interference microscope. Body length was measured from the anterior margin of the rostrum to the posterior margin of the caudal rami. All appendage segments and setation elements are named and numbered according to Huys and Boxshall (Huys and Boxshall, 1991) .
The dissected holotype is deposited in the Museo Nacional de Ciencias Naturales of Madrid (MNCN), Spain.
RESULTS AND DISCUSSION

Taxonomic account
Subclass Copepoda Order Cyclopoida Incertae sedis
Genus Ophelicola Laubier, 1978 Diagnosis (redefined): Body of adult female transformed by swelling and fusion of free pedigerous somites. Prosome comprising cephalothorax incorporating 1st pedigerous somite and swollen 2nd to 4th pedigerous somites. Urosome distinct, comprising partly swollen 5th pedigerous somite fused to genital somite, and 4 free abdominal somites. Genital apertures paired, located posterolaterally on genital somite. Caudal rami with 6 setae.
Rostrum weakly developed. Antennule 5-segmented, distal 3 segments homologous, with XXI-XXIV, XXV and XXVI-XXVIII; armature 4(5), 16(14), 4+aesthetasc, 2+aesthetasc, 7+aesthetasc. Antenna uniramous, 4-segmented with coxa and basis fused to form coxobasis bearing single seta; 1st endopodal segment with 1 mid-margin seta, 2nd with 4 elements sometimes including 1 claw, 3rd with 7 elements; exopod lacking. Entognathous, with mouthparts arranged in perioral depression. Mandible small, consisting of a strongly scleroterized gnathobase with articulated distal portion denticulate or plumose. Maxillule lobate, with 5-9 setae. Maxilla 2-segmented, comprising large unarmed syncoxa and basis; basis with basal naked seta, produced into trifid claw-like process and articulated bifid claw. Maxilliped reduced, sometimes located in transverse groove on surface of cephalothorax, indistinctly 3-segmented, 1st segment unarmed, 2nd with setulose seta, and 3rd smallest, bearing short naked seta and small spine.
Swimming legs 1 to 4 ventrally on somites. Intercoxal sclerite in leg 1 only. Legs 1 to 4 biramous, with 3-segmented rami. Spine and seta formula as in Table 1 .
Inner basal seta absent on leg 1. Inner coxal setae absent in all legs. 5th leg small, located laterally on somite; 2-segmented with protopodal segment more or less separate from somite and bearing outer seta: exopodal segment with 3 setae. 6th legs represented by paired opercula in female, sometimes with 1 seta. Egg sacs unknown.
Type species: Ophelicola drachi Laubier, 1978. Remarks: The original description of Ophelicola pointed out the similarities with the family Clausidiidae in the general structure of the maxillae and swimming legs. However, Ophelicola lacks armature in the maxillar syncoxa, which is armed in clausidiid genera (except for Conchyliurus Stock, 1957 and Hippomolgus G.O. Sars, 1917) . Except for Hyphalion Humes, 1987, Conchyliurus, and Hermadona Ho & Kim, 2004 , most female clausidiids have well-developed 4-segmented maxillipeds (Ho and Kim, 2003) , contrarily to the rudimentary limbs of Ophelicola females. Furthermore, the antennules of the Clausidiidae, with the exception of Hermadona, Conchylirius, and Hersilioides Canu 1888, are 7-segmented (Boxshall and Humes, 1987; Ho and Kim, 1990 , 2003 . Moreover, the derived structure of the mandible excludes Ophelicola from the Clausidiidae and indicates a possible relationship with the Clausiidae (Boxshall and Halsey, 2004) . In fact, the mandible and the antennule segmentation of Ophelicola resemble that of the most modified genera of this family (such as Boreoclausia Kim et al. 2013 , Vivgottoia, Kim et al. 2013 , and Sheaderia Kim et al. 2013 ). However, these genera have also very reduced and modified legs 1-4, present the typical clausiid maxillule and maxilla, and have a single free abdominal segment. The clausiid genus Spionicola Bjornberg & Radashevsky, 2009 shares the 5-segmented antennules with Ophelicola (Björnberg and Radashevsky, 2009 ), but clearly differs in all remaining characteristics. Ophelicola resembles the clausiid genus Rhodinicola Levinsen, 1878 in having 3-segmented rami of legs 1-4 and in lacking posterior median element at the basis of leg 1 (Björnberg and Radashevsky, 2011) . However, most oral appendages of Ophelicola (i.e. mandible and maxilla) differ from the typical clausiid form (Boxshall and Halsey, 2004) .
Finally, the incertae sedis genus Notomasticola Kim et al. 2013 clearly differs from Ophelicola in having 1-segmented abdomen, 4-segmented antennule, antennal armature, reduced oral appendages lacking maxilliped, 2-segmented rami of legs 1-3, reduced leg 4, and 2-segmented leg 5 (Kim et al., 2013) .
Therefore, nearly forty years later from its description, the genus Ophelicola, cannot be placed with confidence in any existing family, and should still be considered as incertae sedis within Cyclopoida until a full cladistic analysis of the annelidicolous families, ideally incorporating molecular data as they become available, could be carried out.
Ophelicola kurambia sp. nov. (Figures 1-4 Figures 1A, 1B) . Total body length of female 1557 µm (measured from anterior margin of cephalic somite to posterior margin of caudal rami on holotype in lactic acid), maximum width 586 µm. Prosome typically comprising cephalothorax incorporating first pedigerous somite and free 2nd to 4th pedigerous somites. Prosome length/width ratio = 1.78:1 Prosome/urosome length ratio = 2.25:1. Urosome 5-segmented ( Figure 1C ) comprising 5th pedigerous somite, genital double-somite, and 3 free abdominal somites. 5th pedigerous somite much smaller than preceding pedigers, wider than long 92x304 µm. Genital double somite ( Figures 1A, 1C ) nearly rounded and somewhat inflated, 453 µm x 489.6 µm, wider in middle. Genital areas located ventrolaterally at end of genital double somite. Each genital area ( Figure 1F ) with 1 short plumose seta. Egg sacs not seen. 3 free abdominal somites, each wider than long, 79x263, 45x226.4, 124,4x187 µm ( Figure 1C ). Caudal ramus ( Figures 1A,  1C) , 85 µm long, twice longer than wide, with 6 terminal setae. Outer lateral and dorsal setae naked, similar in length. Outermost and two median terminal setae broken; innermost terminal seta very small, naked. Urosome with minute setules ( Figure 1C) . Rostrum ( Figure 2B ) broad, with truncate anterior margin. Antennule ( Figure 1E ) about 220 µm long, with 5 segments measuring (along posterior, non-setiferous margin): 32 (68 µm along anterior margin), 99, 29, 22, and 34.6 µm, respectively. Formula for armature: 5, 14, 4 + aesthetasc, 2 + aesthetasc and 7 + aesthetasc. Except for 1 barbed seta on third segment, all setae naked. Antenna ( Figure 2A ) uniramous and 4-segmented, 184 µm long (terminal setae excluded), with 1st segment longest. 1st segment with 1 long seta, spinulose on inner margin and setulose on outer. 2nd segment with 1 weakly setulose seta, 3 setules and tiny setules close to insertion of 3rd segment. Outer corner of 3rd segment with patch of setules, inner corner with 5 elements: 1 setule, 1 barbed spine, 1 naked seta, 1 strong claw with strong curved spines near tip, and 1 long naked seta. Segment 3 smaller, articulating with segment 2 proximally, somewhat displaced on lateral side, with 7 setae ornamented as figured, 1 of them longer than total length of antenna. Labrum (Figures 2E, 2F) with patch of surface setules, with 1 pair of curved digitiform processes in middle of posterior margin, and membranous areas on each side of process, each membranous area with rounded process entirely covered with setules.
Mandible ( Figure 2G ) reduced and small, consisting of a strongly scleroterized gnathobase on which inserts a distal portion; articulation clearly visible. Basal part conicalshaped, with membranous flange along medial (posterior) margin. Distal portion short dagger-shaped, no sclerotized but densely plumose.
Maxillule ( Figures 2C, 2D ) complex, lobate but without clear distinction between lobes (1 setulose), tapering towards apex. Armature of maxillule with 10 elements, 9 setae with length and ornamentation as figured and 1 rounded element.
Maxilla ( Figure 2H ) 2-segmented, comprising large unarmed syncoxa. Segment 2 sclerotized with basal naked seta, produced into trifid claw-like process, articulated bifid claw-like process (widest claw with long setules on surface), and 1 naked seta.
Maxilliped ( Figure 2I ) small, 54 µm long; 3-segmented with segment 1 unarmed, segment 2 with 1 spinulose seta, and segment 3 smallest, bearing 1 short naked seta and 1 small spine.
Swimming legs 1-4 (Figures 3A-C), located ventrally on somites, biramous, with 3-segmented rami. Spine and seta formula listed in Table 2 .
Inner basal seta absent on leg 1. Basis with outer naked seta in legs 1-4. Both, endopodal and exopodal segments with spinules at outer corner. Setae and spines very long.
Leg 5 ( Figure 1D ) 2-segmented but proximal protopodal segment incorporated into somite, with 1 posterolateral seta. Free distal segment (exopod) small, nearly as long as wide, 20.3 x 27 µm; armed with 1 subterminal seta and 2 terminal setae, the outer, the largest.
Male: Uknown
Etymology: The specific name derives from "KuramBio", the acronym of the expedition during which the copepod was collected. Gender feminine.
Distribution: Known only from the type locality at the Northwest Pacific, abyssal Kuril-Kamchatka Trench area.
Ecology: The observed specimen was attached to the skin of a non identified opheliid polychaete, using its left and right maxillae together as pincers.
Remarks: The genus Ophelicola was erected by Laubier (1978) to include a species parasitizing an opheliid polychaete, O. drachi, found in the abyssal plain of the Gulf of Biscay (Atlantic coast of France) at about 4.500 m depth. To date, no other species of this genus has been discovered. Ophelicola kurambia sp. nov. is, thus, the second known species and was also found deeper than 4,000 m but in the abyssal plain of the Kuril-Kamchatka Trench (Northwest Pacific Ocean).
Both species are ectoparasites of an unidentified opheliid, however, O. kurambia sp. nov. was attached to the host through its maxillae, while O. drachi was attached through the mandibles (Laubier, 1978) .
Both species also differ in the formula for the antennular armature (5, 14, 4 + aesthetasc, 2 + aesthetasc and 7 setae + aesthetasc in O. kurambia sp. nov.; 4, 16, 4 + aesthetasc, 2 + aesthetasc, 7 + aesthetasc in O. drachi). As for the antenna, both species present the same number of elements per segment (1, 1, 4, 7), but the 3rd segment has 3 setae plus 1 claw in O. kurambia sp. nov. and 4 setae in O. drachi. The formula proposed by Boxshall and Halsey (2004) for the genus (1, 1, 3 + 1 claw, 4 + 3 claws) do not match with the two species studied. Both species show a mandible strongly sclerotized, but in the new species the gnathobase has a short dagger-shaped densely plumose, instead of the large blade distally denticulated of O. drachi.
The maxillule of O. kurambia sp. nov. has 9 setae plus 1 rounded distal element, and 1 setulose lobe tapering towards the apex, while O. drachi possesses 5 setae and a rounded distal lobe.
The maxilla of O. kurambia sp. nov. possesses 1 bifid, pincer-like element articulated at base, 1 trifid claw-like process and 2 naked setae. In turn, the maxillar distal segment of O. drachi presents a basal seta and a complex system of claws, one of them bifid and the other one represented by a truncated stump with a pointed process distally according to Laubier (1978) , while Boxshall and Halsey (2004) described the maxilla of Ophelicola with a basis produced into a trifid claw-like process bearing 1 seta.
The original description of O. drachi points out that maxillipeds are located in a transverse groove on the surface of the cephalothorax, as confirmed by Boxshall and Halsey (2004) . However, during the dissection of O. kurambia sp. nov., this circumstance has not been observed.
The armature formula for legs 1-4 is similar in both species. Since the table showing the legs' ornamentation (Table 1 in Laubier, 1978) contains some errors, the main discrepancies have been here inferred from the legs illustration and are detailed in Table 3 . Moreover, in the Laubier (1978) Diagnosis: Body with small cephalosome, inflated trunk and 2-segmented urosome, 4-segmented maxilliped with stout terminal segment; unmodified, simple setae on 2-or 3-segmented antenna, and swimming legs reduced or absent. Usually living in association with polychaetes (Kim et al., 2013) . Remarks: Anomopsyllus is composed by 5 species: A. hamiltonae Kim et al., 2013 (legs 1-5 absent), A. bifurcusi Kim et al., 2013 and A. geminus Kim et al., 2013 (only legs 4 and 5 absent, the remaining vestigial), A. abyssorum Laubier 1988 and A. pranizoides Sars 1921 (Legs 1-5 vestigial, the 3 first legs more development than the two latter) (Kim et al., 2013; Laubier, 1988) . Our specimen resembles A. hamiltonae in lacking the legs, but the damaged oral area prevented us to define the position of this copepod with respect to the known congeners.
Biodiversity of annelidicolous copepods (excluding Montrilloidae)
Symbiotic copepods are known to live symbiotically with virtually all marine metazoan taxa (Huys and Boxshall, 1991) . However, those infesting invertebrates are relatively poorly known in comparison with their piscicolous relatives, likely due to the economic interest of this particular group of hosts (O'Reilly, 1991) . More specifically, eleven families of cyclopoid copepods are recorded exclusively from polychaete hosts, but several other families include one or more polychaete symbionts (Boxshall and Halsey, 2004) .
Twenty two copepod families and seven incertae sedis (excluding Monstrilloida) are currently known to be involved in 235 parasitic relationships with annelid polychaetes (Table  4) . These copepods belong 168 species from to 74 genera. The most representative family are the Herpyllobiidae, with 50 relationships (21.5 %), followed by Clausiidae and Nereicolidae with 37 (15,9 %) and 34 (14.6 %), respectively, Sabelliphilidae with 23 (9.9 %), and Gastrodelphyidae and Xenocoelomatidae with 13 (5.6 %). The remaining families are involved in less than 9 relationships. Most families include only one (41 %) or two (23 %) polychaete parasitic copepod genera, and there is only one, the Clausiidae, which include 17 genera. A similar pattern is shown by the species per genera, as most of them include a single polychaete parasitic species (59 %), only a 18 % include two species and the remaining 21 % include from 3 to a maximum of 17 (in Herpyllobius Steenstrup & Lutken, 1861) species. This apparently supports a high degree of specificity in the relationships between the annelidicolous copepods and their polychaete hosts, however the observed pattern may also be caused by the lack of adequate observations.
In turn, these copepods are associated to 156 species of polychaetes belonging to 104 genera from 22 families (plus 14 unknown polychaetes). The family most commonly found to be infested by copepods is the Polynoidae (63 relationships, 27 %), followed by Sabellidae and Terebellidae (with 30, 12,7 %, and 24, 10.2 %, relationships, respectively). The remaining polychaete families include less than 9 % of the known relationships and, even, eight of them include less that 1% (five and three families in two and one relationships, respectively). Most families include only one (35 %) or two (17 %) parasitized polychaete genera, and there is only one, the Polynoidae, which include 22 genera. This trend is even more exaggerated when analysing the number of species per genera, as 73 % include a single parasitized species and only 17 % include two species. The remaining 11 % include thee or more species, and the maximum is nine in the case of the polynoid genus Harmothoe Kinberg, 1856. Again, the family Polynomial included the highest number of infested species, 36, which represents about 25% of the total. Curiously enough, the Polynoidae is also the family including more symbiotic polychaete species, about 56% of the known ones, this representing about 60% of the relationships (Martin and Britayev, 1998) .
Concerning the type of relationships, when reported copepods are most often parasites and only four species, have been reported as commensals (Table 4 ). In the case of Bulbamphiascus imuse, for instance, the polychaete hosts shared their tubes with 1-4 copepods each (males, females and/or copepodites) and the commensals were placed between worm and tube (Moore and O'Reilly, 1993) . The parasitic annelidicolous copepods, in turn, may be ectoparasitic (i.e. living on the exterior of the host), mesoparasitic (i.e. living partly embedded in its host, usually with the anterior end forming an anchor process) or endoparasitic (i.e. living on the interior of the host). Most parasitic annelidicolous copepods are ectoparasites (158, 68 %), followed by mesoparasites (48, 20.5 %) and endoparasites (14, 6 %). Moreover, there are 12 species whose type of relationship has either not been reported or we have been unable to locate them. In some cases, the association with polychaete hosts may be circumstantial or has been just inferred, as the putative symbiotic copepods were obtained from washing of other organisms. This may be the case, for instance, of Pseudanthessius gracilis, Parangium abstrusum and Stokella indica, in which the association with polychaetes is assumed by comparing them with the most closely related species.
Ophelicola kurambia sp. nov. is a typical ectoparasitic species, which remain attached to its polychaete host with the help of the maxillae. Nothing more is known on this species except the depth range and the geographical location of the collection site, and this is a common situation for most annelidicolous copepods, as some species remain unrecorded since their original description (often very old dated). As stated by O'Reilly (1991) a careful examination of appropriate hosts is often all that is required to rediscover these species or to find new species to be described, as in the case of O. kurambia sp. nov.
Like our new species, some annelidicolous copepods were also reported from very deep waters, i.e. deeper than 2000 m. Among them, there are Trophonophila bradii, Gottoniella andeepi, Anomopsyllus abyssorum, Vectoriella ramosae and the other known species of Ophelicola, O. drachi (Table 4 ), but O. kurambia sp. nov. and the damaged specimen of Anomopsyllus found at the Kuril-Kamchatka Trench occurred at the deepest known bottoms (almost 5000 m depth). It must be pointed out, however, that we have not been able to find references to the collection site depths for almost half of the species included in Table 4 . Taking this into account, most other species (≈ 30) are reported from shallow waters around 100 m depth or less, wile the remaining 18 occur between 200 and 700 m depth). Deep waters are by far poorly studied compared with shallow ones, but the few studies addressed to these ecosystems seem to confirm that they may be very favourable to the establishment of such intimate relationships.
Concerning the biogeographical distribution, among the 233 known relationships, almost 44 % have been reported from European waters. Accordingly, more than 58 % of all them occurred in the North Atlantic Ocean (including European and American coasts). The following region including more reports of anelidicolous copepods is the Indian Ocean (including Red Sea) with about 16 %. The Antarctic Ocean, the Mediterranean Sea and the North Pacific Ocean include percentages of around 8 -10 %, the South Pacific Ocean and the Caribbean Sea around 3 %, and the remaining locations (i.e. Black Sea, South Atlantic Ocean, and Arctic Ocean) include less than 1 % (i.e. single report each). The high number of European reports (as well as those from the North Atlantic Ocean) may likely obey to a bias caused by the fact that these coasts have been more intensively studied. Although relatively less studied, the Indian Ocean also includes a relevant percentage of reports, which confirms this area as a hot spot of biodiversity.
The precise number of copepod species is difficult to determine, while the parasites of fish have been estimated to be around 1,600 -1,800 species (Mariniello, 2010) . Taking into account the wide range of hosts and the ubiquity of the invertebrate symbiotic copepods, there is no doubt that the real number of species may be as high or even higher that those associated to fish hosts, and that the annelidicolous species may substantially contribute to this number in the near future.
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